In six puppies, Previous studies have suggested that this enhanced resistance may be due to an increased sensitivity of the neonatal renal vasculature to circulating catecholamines (15). Theoretically, this state may be due to a direct alpha-adrenergic effect or indirectly to a betaadrenergic effect leading to increased renin and angiotensin levels; elevated renin levels have been shown in very young puppies (5, 8) .
The renin-angiotensin system has also been proposed as a humoral mediator in the autoregulation of renal blood flow in the adult dog (24). The autoregulatory phenomenon has not been studied systematically in the puppy, but some indirect evidence is available.
In puppies 1-4 wk old, Kleinman and Reuter (18) given intravenously in bolus doses of 50, 100, 1,000, 5,000, and 10,000 ng were observed. Anti-AI1 was then infused intravenously at a rate of 6-15 pg/kg per min, and the effects of bolus doses of angiotensin II were observed. The infusion containing anti-AI1 was then stopped, and 20 min later the effects of varied concentrations of angiotensin II on blood pressure were again observed.
2) Response of renal blood flow to increases in perfusion pressure. To examine autoregulation, the effect of increasing renal perfusion pressure on renal blood flow was studied when renal vascular effects ti angiotensin II were demonstrably blocked. Another group of six puppies 28-37 days old were prepared in a manner similar to that described inprotocal AI. In addition, the left kidney was exposed by flank incision. The renal artery was dissected gently and fitted with a noncannulating electromagnetic flow probe (Biotronex Laboratory, Inc.). Probes ranged in size from 0.85 to 2.0 mm in diameter.
Individual flow probes were calibrated prior to and after the experiment.
Saline and blood were perfused JOSE ET AL. through an arterial segment at known flow rates in vitro before the experiment.
After the experiment, confirmation was obtained by perfusion at known rates through an arterial segment in situ. The determinations were repeated at least twice for the same flow rate. At least nine flow rates were recorded, ranging from 5 to 60 ml/min. Linear regression was then determined by the least-squares method. The correlation coefficient between recorded and actual flow rates was 0.994* Since very low flow rates were expected in the puppy, the sensitivity of the machine was adjusted so that a l-mm deflection was equivalent to 0.8-1.0 ml/min according to the size of the flow probe. Distal to the flow probe, a pneumatic cuff was placed around the renal artery so that base-line zero flow could be obtained by remote and complete occlusion of the renal artery. Distal to the flow probe but proximal to the pneumatic cuff, the renal artery was punctured with a 30-gauge lymphangiography needle and an infusion of 5 70 dextrose solution was started at 0.1 ml/min.
After stable blood pressure and flow were obtained for at least 30 min, the intrarenal arterial infusion was changed to 5 c/o dextrose solution containing anti-AII in a concentration calculated to deliver the antagonist at the rate of 2 pg/min. The infusion rate was maintained at 0.1 ml/min. Twenty minutes after the infusion of the antagonist was established, bolus doses of angiotensin II (1,000 ng) were injected into the renal artery to determine adequacy of angiotensin II blockade. Delivery of the antagonist at 2 pg/min proved to be adequate to completely block the intrarenal vascular effects of bolus doses of 1,000 ng of angiotensin II into the renal artery in all six puppies. (This same dos #e of angiotensin II given intravenously elicit .ed a maximum rise in systemic pressure.) Subsequently, the arterial blood pressure was raised by the intravenous injection of a bolus of 1,000 ng angiotensin II. This protocol enabled us to study the pure effects on renal blood flow of increasing the perfusion pressure while any direct effect of angiotensin II on the renal vasculature was avoided.
In five of these puppies, after the effects of angiotensin II were dissipated, renal blood flow was measured after bolus doses of 2,000 and 5,000 ng of angiotensin II were administered via the renal artery to determine the dose range of inhibition by the antagonist. In these five puppies, the intrarenal infusion was changed to 5 % dextrose in water without the anti-AII. Twenty minutes later, bolus doses of angiotensin II (1,000, 2,000, 5,000 ng) into the renal artery were repeated and the effects on renal blood flow were observed.
B) RenaZ Hood Flow after Decreases in Perfusion Pressure
The effect of decreasing renal perfusion pressure on renal blood flow was studied in another group of seven puppies 9-63 days of age. The puppies were prepared as in protocol A2 except that the occluding cuff was fitted around the aorta ab&e the origin of the renal vessels. For each level of blood pressure reduction, renal artery perfusion pressure was diminished by gradual inflation of the occluding aortic cuff over 25-30 s. Blood pressure was measured below the aortic constriction.
The renal artery was punctured in two animals (age 56 and 63 days) with a 30-gauge lymphangiography needle as in protocol AZ. In these two animals the effect of decreasin g arterial pressure on renal blood flow was observed before and during infusion of 2 pg/min of anti-AII into the renal artery. During the intravenous infusion of anti-AD, the pressor effects of up to 1,000 ng of angiotensin II were blocked, and the effects of higher doses were markedly blunted. Twenty minutes after the infusion of anti-AI1 was stopped, the vasopressor effect of intravenous angiotensin was again observed, with an increase in sensitivity noted in the lower dose ranges compared with control (P < 0.05, paired-t test).
2) Response of renal blood Jow to increase in perfusion pressure. Figure 2 depicts the effects of intrarenal arterial injection of angiotensin II with and without a simultaneous infusion of anti-AII.
Administration of 1,000 ng angiotensin II alone caused a drastic fall in renal blood flow (from 1.64 Z!Z 0.26 to 0.51 =t 0.18 ml/g kidney per min; P < .05, paired-t test), and 2,000 ng reduced blood flow close to zero. In the presence of anti-AII, doses of angiotensin II up to 2,000 ng produced no significant change in renal blood flow. However, 5,000 ng of angiotensin II even in the presence of anti-AI1 caused a significant fall in renal blood flow (0.94 f 0.21 ml/g kidney per min; P < .05, paired-t test).
As previously mentioned (in MATERIALS AND METHODS), these results permitted us subsequently to employ a dose of 2 pg/min of the antagonist with confidence that this dose would block any direct effect on the renal vasculature of 1,000 ng of angiotensin II administered intravenously. Figure 3 shows Fig. 4 . The intravenous administration of angiotensin II caused a rise in mean arterial pressure from 76 f 2 to 95 f 8 mmHg.
This was accompanied by an insignificant increase in renal blood flow from 1.59 f 0.29 to 1.98 f 0.59 ml/g per min. Twenty seconds after the angiotensin II injection, while blood pressure remained elevated (98 f 5 mmHg), renal blood flow remained close to control levels (1.73 f 0.35 ml/g per min). Forty seconds after the injection of angiotensin II, while arterial pressure remained elevated at 100 f 6 mmHg, the mean renal blood flow in all the-puppies had returned to control values (1.53 f 0.3 ml/g per min.).
B) Renal Blood Flow after Decreases in Perfusion Pressure
Slowly decreasing mean renal perfusion pressure by aortic constriction to 60 mmHg from control values of 75-125 mmHg produced no change in renal blood flow in six of seven puppies (Fig. 5) . In four of these puppies no change was noted down to 50 mmHg.
In the oldest puppy (63 days old), with the highest m-m-d blood pressure (125 mmHg), autoregulation was demonstrated only to a level of 75 mmHg.
In the two puppies (56 and 63 days old) tested during infusion of anti-AII into the renal artery the antagonist had no effect on the autoregulatory phenomenon.
DISCUSSLON
The high renal resistance in the young has been attributed to several factors including, but not limited to, the renin- angiotensin system and the sympathoadrenal system. Metcoff (19) has suggested that the high resistance in the neonatal kidney may be due to high interstitial pressure. Possible support for this theory may be found in the report by Horster and Valtin (11) that the water content of renal tissue in puppies less than 30 days old is higher than that in older age groups. These same investigators, however, also showed that even after renal water content approximated adult values, renal blood flow continued to increase for a considerable time, suggesting that some factor other than interstitial pressure is involved. Previous studies in our laboratory (5, 14) and others' (11) have indicated that renal blood flow per gram kidney achieves adult levels only after 10-12 wk.
Several other studies have indicated that the rise in renal blood flow with age is mainly due to a fall in vascular resistance (5, 9). Moreover, micropuncture studies in the guinea pig indicated that the increase in filtration pressure noted with maturation was due mainly to a decrease in afferent arteriolar resistance (23). Jose et al. (15) demonstrated in dogs that there is enhanced sensitivity of the neonatal renal vasculature to intrarenal arterial infusion of epinephrine.
A declining sensitivity to catecholamines and/or a decrease in sympathoadrenal discharge might then explain the decrease in renal resistance with maturation. The gradual rise in blood pressure seen with maturation may also contribute to an increase in renal blood flow in older puppies.
The effects of catecholamines on renal blood flow in the young may be mediated directly via alpha-adrenergic vasoconstrictor effects or indirectly via beta-adrenergic activity leading to increased renin release. Circulating renin levels and renal renin content are elevated in puppies 2-3 wk old (5, 8) (5, 18, 21) , and the puppy up to 6 wk old to this thesis so elusions concern It should be noted , however, th at the reabsorption at the end-proximal tu bule fractional tubular is the same in the puppy as in the mature dog (11 > I making it less likely distal tubular load in the puppy is greatly dissimilar to that that
